Integrated crop-livestock systems have included grazing perennial grasses during the spring and summer and corn (Zea mays L.) residues during the winter. Our objectives were to identify opportunities for expanded corn residue use through grazing and provide an economic assessment for value-added grazing. We estimated the economic value to the crop sector through grazing leased corn residue at over $95 million for Nebraska, South Dakota, Kansas, and North Dakota under current management. Additionally, gross economic value to the livestock sector in these states was estimated at greater than $191 million. Advantages for increased grazing use of corn residue include managing residue quantity in high-yielding environments, providing a source of supplemental revenue, and expanding integrated crop-livestock systems using a simple, but cost-efficient practice.
T he western Corn Belt, has historically been corn (Zea mays L.) and wheat (Triticum aestivum L.) cropping systems with cattle integrated on nearby grasslands. A large quantity of grasslands in this region were converted into annual crops during the mid-2000s (Wright and Wimberly, 2013) , resulting in lower available forage resources. To maintain efficiencies of beef cattle (Bos taurus) production systems, improved use of forage resources in a sustainable manner is essential. Recent agricultural production data ranked Nebraska, South Dakota, Kansas, and North Dakota in the top 10 states for both corn and beef cattle production in the United States . In 2017, Nebraska, South Dakota, Kansas, and North Dakota had 6.2 million beef cows (USDA National Agricultural Statistics Service, 2018) . Forage-based livestock production is a fundamental component of agricultural economies.
Across the United States, corn grain yield, along with crop residue, has increased by 50% over the past three decades (Gallagher and Baumes, 2012) , providing an affordable winter forage. For grazed corn residue, recommended stocking rates are calculated to consume less than 20% of the total residue produced (Rasby et al., 2014) . Ulmer et al. (2019) reported data from six on-farm research sites across Nebraska, with total residue removal rates between 10 and 45% (mean = 24%). Numerous corn residue grazing studies reported minimal to no negative effects on subsequent crop production (Clark et al., 2004; Drewnoski et al., 2016; Stalker et al., 2015; Tracy and Zhang, 2008; Ulmer et al., 2019) . Studies in Nebraska showed minor to no negative effect on soil properties (e.g., soil bulk density, aggregate stability, hydraulic properties) with corn residue grazing , whereas moderate grazing had positive impacts on soil nutrients compared with no grazing (Rakkar and Blanco-Canqui, 2018) . Increased near-surface soil compaction from grazing crop residues is considered the biggest negative impact on soil properties (Clark et al., 2004; Rakkar and Blanco-Canqui, 2018) , but increased soil compaction tends to be short-term, a result of natural freeze-thaw cycles in this region.
The goals of this paper are to identify opportunities for expanded corn residue use through grazing and provide an economic assessment of current corn residue grazing in Nebraska, South Dakota, Kansas, and North Dakota. Schmer et al. (2017) pointed out that methods were needed to identify how corn residues can be profitably incorporated into regional integrated crop-livestock systems. This is important for states like Nebraska, South Dakota, Kansas, and North Dakota, which have about 20% of the beef cow inventory in the United States (USDA National Agricultural Statistics Service, 2018).
Methodology
We used published research and other readily available data from the USDA to substantiate the current value of corn residue grazing and the potential value if corn residue grazing capacity was increased in Nebraska, South Dakota, Kansas, and North Dakota. For our purposes, we used corn production and beef cattle inventory data (USDA National Agricultural Statistics Service, 2018) and assumed a constant percentage of grazed corn residue based on calculated estimates from the 2010 Agricultural Resource Management Survey (ARMS) Corn Phase II Version 23 (USDA Economic Research Service, 2010 )from data reported by Schmer et al. (2017) .
To determine current corn residue value to crop producers, we used corn residue grazing rental rates per hectare, with the livestock owner responsible for care and fencing. To calculate the gross value of current corn residue to cattle producers, we compared the grazing fee rates for cattle in 2017 (USDA National Agricultural Statistics Service, 2018) to corn residue grazing rental rates on a per head per day basis, assuming fencing and full care are provided by the crop producer. The comparison of grazing corn residues to stockpiled native grasses for winter grazing is viable in many parts of Nebraska and the other states in the western Corn Belt. Other options would include hay feeding, with costs higher than grazing either corn residue or stockpiled winter range.
A break-even distance was calculated for cattle producers to estimate the maximum distance they would be willing to ship cattle to and from corn residue fields. We assumed shipments were full loads of nonlactating beef cows and the grazing period was 53 d for Nebraska, 34 d for South Dakota, 52 d for Kansas, and 35 d for North Dakota (M. Schmer, unpublished data; 2010 ARMS Corn Phase II Version 23).
Value to the Crop Sector
Using $37.05 ha -1 as the most commonly reported corn residue grazing rental rate for Nebraska (Cox-O'Neill et al., 2017) , we estimated the current value of grazed corn residue in Nebraska at greater than $74 million (Table 1) in returns to the crop sector. Rental rates for corn residue grazing in South Dakota, Kansas, and North Dakota were much lower than for Nebraska. In Kansas, regional estimates of average cash rent per hectare for crop residue in 2017 ranged from $14.83 to $22.24 (Brockus et al., 2018; Wick and Simon, 2018) . Using an average of $18.53 ha -1 , we estimate the current value of grazed corn residue in Kansas at greater than $7 million. Rental rates for grazed corn residue in South Dakota and North Dakota were obtained from University Extension specialists (J. Davis, personal communication, 2018; T. Petry, personal communication, 2018) and resulted in an estimated current value of grazed corn residue in those states of $12.9 million and $3.9 million, respectively.
Total corn residue harvested was greater than 50% in Nebraska, while South Dakota, Kansas, and North Dakota had near 20% utilization of the corn residue (Schmer et al., 2017) . A survey of Nebraska farmers indicated that 40% of corn producers currently not grazing corn residue would not consider doing so regardless of potential revenue from the activity (Cox-O'Neill et al., 2017) . As such, we estimated that a conservative increase in grazing utilization of 10% of the 6 million ha of corn residue available might add $15 million additional value to the bottom line of crop producers in these four states (Table 1 ).
Value to the Livestock Enterprise
Nebraska, South Dakota, Kansas, and North Dakota all have large beef cow herds (Table 2) . Using a corn residue Brockus et al. (2018) and Wick and Simon (2018) ; North Dakota, T. Petry (personal communication, 2018) .
# Current residue value calculated as grain harvested (ha) × corn residue grazed (% of ha) × rental rate ($ ha -1 ). † † Potential 10% increase value calculated as corn residue available to graze (ha) × 10% × rental rate ($ ha -1 ).
stocking rate of 1.2 ha animal -1 reported by Asem-Hiablie et al. (2016) from a regional survey for the northern Great Plains, we estimated that up to 88% of Nebraska beef cows graze corn residue. This is fourfold greater than our estimates for the other three states. This implies the current excess of corn residue available in Nebraska is largely due to a lack of cows. Another option would be grazing stocker calves or yearlings and providing supplemental protein and energy (Watson et al., 2015) .
Using a corn residue stocking rate of 1.2 ha animal -1 and 1.3 animal units animal -1 (Asem-Hiablie et al., 2016) along with grazing days per animal (M. Schmer, unpublished data; 2010 ARMS Corn Phase II Version 23), we estimated a gross value for grazed residue based on grass rental rates per animal unit month (AUM) of over $150 million for Nebraska ($16.72 AUM -1 or $38.41 head -1 ) and $191 million for the four-state region ( Table 2) . This value would need to cover all costs for the cattle producer associated with grazing the residue, including residue rental, fence, water, transportation, and any additional care expenses.
Nebraska, South Dakota, Kansas, and North Dakota have numerous crop and livestock management similarities. Greater residue use as a percentage of all cattle operations is reported for the eastern Northern Plains compared with the western Northern Plains (Asem-Hiablie et al., 2016). Conversely, mean herd size increases from the eastern region to the western region of the northern Great Plains. Intuitively, this suggests that a greater percentage of smaller operations in the eastern region with reduced herd sizes are more capable of fully utilizing corn residue for their needs than the larger ranches located in the western region. We used residue rental rates on a per head per day basis assuming full care obtained from various University State Extension sources to account for all costs associated with grazing corn residue except transportation of the cattle to and from the residue field. Any difference between gross value and full care rental rates (fence, water, and additional care expenses) in Table 2 accrue to the cattle producer to cover transportation costs and return on investment for using a cheaper feed resource.
Under the assumption that cattle are transported in full loads of 36 head and a shipping rate of $2.50 per loaded kilometer, we calculated a maximum break-even distance for Nebraska of 277 km. This is almost twofold more than for any of the other three states and helps explain the much higher corn residue utilization for grazing in Nebraska compared to the other three states. Cattle in the western region of Nebraska are much more likely to be transported to corn residue fields in the eastern region on a regular basis compared with the other three states.
Constraints to Implementation

Grazing Consequences
Grazing corn residues is not a new practice. However, crop producers have expressed continued concerns regarding soil compaction and potential for negative effects on farming practices, such as interference with fall fertilizer application (Cox-O'Neill et al., 2017) . A Kansas survey identified water availability, lack of fencing, and additional labor as the three primary limitations for not grazing corn residue (Johnson and Blasi, 2018) . In the Dakotas, the short timeframe from harvest to snow cover has been suggested as an impediment to grazing corn residue farther north.
Supply and Demand
Sizable differences in perennial grass pasture grazing rental rates among states with both concentrated corn grain and cattle production resulted in differences concerning willingness to compensate for utilizing corn residue for grazing. This was manifested in differences for corn residue rental rates and willingness to transport cattle greater distances to graze corn residue. Intuitively, the integration of livestock into cropping systems would be more straightforward when accomplished within a single operation. However, given the recent focus on intensive management of single enterprises, implementation can become complicated. It is realistic to expect much of the future integration of livestock into cropping systems to occur across multiple operations. Poffenbarger et al. (2017) conducted an extensive economic analysis of integrated crop-livestock systems in Iowa. They showed that diversified farming systems had greater profitability even without the integration of cattle, but including cattle into the system resulted in greater returns still. However, grazed corn residue was not considered as a system component. Liebig et al. (2017) outlined a conceptual framework for broadening the application and inclusion of "Integrated Agricultural Systems. " The framework emphasized a grazing component on cropland. The results from both studies are important because they validate including a grazing component in cropping systems, however brief the window. Sulc and Tracy (2007) identified several constraints to adopting integrated crop-livestock systems in the US Corn Belt, including movement of traditional diversified systems to focused enterprise systems based on simplified production management with reduced managerial and labor requirements, coupled with government support systems and limited incentives for increasing operational diversity. They recommended additional methods to increase diversity that would facilitate integrating livestock into existing systems. Among these was increased utilization of crop residues, which has historically been an important component of integrated production systems in Nebraska, South Dakota, Kansas, and North Dakota.
Economic Awareness
Implications
Our synthesis illustrates the value of grazed corn residue as a method to markedly augment net return to both crop and livestock enterprises through integration. Nonetheless, it also pointed out obvious, yet influencing circumstances. For example, farms are becoming more specialized; grain producers are growing more grain; beef producers are producing more beef; and regions are becoming more specialized in production enterprise activities.
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